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APPARATUS FOR PRODUCING DEIONIZED
WATER

The present invention relates to an apparatus for produc-
ing deionized water, comprising an electrodialyzer having
cation exchange membranes and anion exchange mem-
branes alternately arranged to form demineralizing compart-
ments and concentrating compartments and having 1on
exchangers accommodated 1n the demineralizing
compartments, and designed to apply a voltage while sup-

plying water to be treated to the demineralizing compart-
ments.

As an apparatus for producing deionized water, 1t 1s
common to obtain deionized water by passing water to be
treated through a bed packed with an 10n exchange resin so
that 1mpurity 1ons are removed as adsorbed on the 1on
exchange resin. Here, 1t 1s common to employ a method of
regenerating the ion exchange resin having its adsorbing
ability lowered, by means of an acid or alkali. Accordingly,
this apparatus has a problem that a waste liquid of the acid
or alkali used for the regeneration, 1s discharged. Therefore,
an apparatus for producing deionized water which requires
no such regeneration, 1s desired. From such a viewpoint, an
attention has been drawn 1n recent years to an apparatus for
producing deionized water by self-regenerating type elec-
trodialysis wherein 10n exchange resins are used 1n combi-
nation with 1on exchange membranes. This apparatus com-
prises an electrodialyzer having anion exchange membranes
and cation exchange membranes alternately arranged to
form demineralizing compartments and concentrating com-
partments and having 1on exchangers accommodated in the
demineralizing compartments, and 1s designed to apply a
voltage while supplying water to be treated to the deminer-
alizing compartments to carry out electrodialysis to produce
delonized water. With respect to this conventional apparatus,
various developments or improvements have already been
made. For example, there have been proposals for an appa-
ratus wherein the width and thickness of the demineralizing
compartments have been specified (JP-A-61-107906), an
apparatus designed to permit water to be treated to pass at
least twice through demineralizing compartments of a deion-
izing apparatus (JP-A-1-307410), and an apparatus wherein
anion exchange resins are used as 10on exchange resins to be
packed 1n a portion where the water to be treated passes
firstly (JPA-4-71624).

Ion exchange membranes to be used 1in such conventional
apparatus for producing deionized water, were 1n a wet state
and accordingly difficult to handle at the time of setting (or
incorporating) in an electrodialyzer, and they had a draw-
back that they tend to shrink as they are gradually dried
during the setting. To solve such a problem, it 1s conceivable
to set them 1n a dry state, but the problem can not be solved
simply by attempting to set the membranes in a dry state
without any elaboration. Namely, the 1on exchange mem-
branes will be 1n contact with wet state 10n exchange resins
present adjacent thereto, whereby the 10n exchange mem-
branes will be wetted, and the above mentioned problem of
difficulty in handling wet membranes can not be solved.
Further, the membranes will deform due to swelling when
water 1s supplied to the electrodialyzer, whereby defects
such as creases are likely to form on the membranes. Also
from this viewpoint, the merits in setting the membranes 1n
a dry state have been negated.

It 1s an object of the present mnvention to solve such a
problem and to provide an apparatus for producing deion-
1zed water, whereby deformation of 1on exchange mem-
branes can be suppressed even 1f they are set in a dry state,
and a constant performance can be obtained.
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The present invention provides an apparatus for produc-
ing deionized water, comprising an electrodialyzer having
cation exchange membranes and anion exchange mem-
branes alternately arranged to form demineralizing compart-
ments and concentrating compartments and having 1on
exchangers accommodated 1n the demineralizing
compartments, and designed to conduct an electric current
while supplying water to be treated to the demineralizing
compartments, wherein a spacer 1s arranged 1n each con-
centrating compartment to maintain the thickness of the
concentrating compartment, and the cation exchange mem-
branes or the anion exchange membranes are incorporated 1n
therr dry state in the electrodialyzer, whereby water 1is
supplied to the electrodialyzer, while each 1on exchange
membrane 1s brought i contact with the spaced by a
pressure from the demineralizing compartment side.

In the accompanying drawings:

FIG. 1 1s a view which schematically illustrates one
embodiment of a self-regenerating type electrodialyzer
apparatus.

FIG. 2 1s a view which 1llustrates an apparatus used to
measure the pressure created by supplying water to dry 1on
exchangers 1n Examples.

Now, the present mvention will be described in detail
with reference to the preferred embodiments.

In the present invention, the dry state of cation exchange
membranes and/or anion exchange membranes to be 1ncor-
porated 1n the electrodialyzer, 1s preferably such that the
water content 1s at most 10 wt %. If the water content
exceeds 10 wt %, the dimensional change of the membranes
due to a change 1n the external environment, particularly due
to the change 1n humidity, tends to be substantial, such being
undesirable. The water content i1s particularly preferably
from 0.5 to 8 wt %, whereby there will be no substantial
dimensional change due to a change 1n humidity. Further, the
pressure from the demineralizing compartment side which 1s
used 1 the present invention to bring each 1on exchange
membrane 1n contact with the spacer arranged in each
concentrating compartment by the pressure from the dem-
ineralizing compartment side, 1s preferably from 0.1 to 10
kg/cm”. If the pressure is less than 0.1 kg/cm®, the mem-
brane may not closely contact the spacer, whereby defor-
mation by swelling of the membrane can not suppressed,
such being undesirable. If the pressure 1s larger than 10
kg/cm*, the membrane and the spacer are likely to undergo
physical deformation by the pressure, such being undesir-
able. The pressure 1s particularly preferably from 0.5 to 5
ke/cm”, whereby deformation by swelling of the membrane
can adequately be controlled, and no deformation of the
membrane or the spacer will be brought about by the
pressure, whereby the performance will be stable.

In the present invention, as a means to create the pressure
from the demineralizing compartment side in the electrodia-
lyzer 1n order to bring the 10n exchange membrane 1n contact
with the spacer, it 1s preferred to employ either (1) a means
wherein the 1on exchangers are packed 1n their dry state in
the demineralizing compartments, and water 1s supplied to
the electrodialyzer to let the 10n exchangers swell to produce
the pressure, (2) a means wherein the thickness of each
demineralizing compartment 1s reduced by mechanical pres-
sure so as to create the pressure due to the volume reduction
of the demineralizing compartment, or (3) a means wherein
the water pressure 1n the demineralizing compartments 1s
made higher than the water pressure in the concentrating
compartments to create the pressure.

Among them, the above means (1) wherein the ion
exchangers are packed in their dry state in the demineral-
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1Zing compartments, 1s most preferred, since 1t 1s simple and
effective. By such a means (1), the water content of the ion
exchangers 1n their dry state 1s preferably at most 15 wt %.
If the water content exceeds 15 wt %, when the 10n exchang-
ers are brought in contact with the 1on exchange membranes
in theiwr dry state, the 1on exchange membranes will be
swelled, thus leading to a dimensional change, such being
undesirable. In the means (2) for utilizing the pressure
created by reducing the thickness of each demineralizing
compartment by mechanical pressure, as a compartment
frame for each demineralizing compartment, a frame which
1s compression-deformable by mechanical pressure, may be
employed, or a sheet which 1s compression-deformable by
mechanical pressure, may be inserted between the mem-
brane and the compartment frame for each demineralizing
compartment.

In the present invention, the spacer to be arranged 1n each
concentrating compartment of the electrodialyzer, 1s prefer-
ably 1n the form of a net, such as a woven or non-woven
fabric made of a plastic, and 1its structure 1s preferably such
that the string diameter 1s from 0.1 to 2 mm, and the pitch
1s from 1 to 10 mm. Here, the pitch is the distance between
diagonal points of a rhomb, square or rectangle of an
opening in the net (the distance between the centers of
strings). If the string diameter is smaller than 0.1 mm, the
strength of the net tends to be low, such being undesirable.
Further, if the string diameter 1s larger than 2 mm, the
clectric shielding tends to be high, when an electric current
1s conducted with the pitch being within a range of from 1
to 10 mm, whereby the demineralizing efficiency tends to be
low, such being undesirable. If the pitch 1s smaller than 1
mm, the shielding tends to be high, and 1f it exceeds 10 mm,
the 10n exchange membrane pressed against the net, can not
adequately be supported, and defects such as pin holes are
likely to form, such being undesirable. As 1s evident from the
foregoing description, the spacer 1s not limited to a net, and
its structure may be any structure so long as 1t is thereby
possible to maintain the predetermined space 1.e. thickness
for the concentrating compartment and to minimize the
shielding of the electric current.

As the 10n exchange membranes to be used 1n the present
invention, 1t 1s, of course, possible to use homogeneous 10n
exchange membranes. However, from the viewpoint of the
strength and flexibility, they are preferably heterogeneous
ion exchange membranes composed of 1on exchange resin
particles and a binder polymer. As a method for producing,
such heterogenecous 1on exchange membranes, a method 1s
preferably employed 1in which an 1on exchange resin of a
powder particle form and a binder polymer are mixed and
kneaded under heating, followed by heat extrusion molding,
to form a sheet.

The particle sizes of 1on exchange resin particles are
preferably such that the maximum particle size 1s at most
150 um, those having particle sizes of from 100 to 150 um
are at most 5 wt % of the entire 10n exchange resin particle
material, and those having particle sizes of at most 20 um are
at most 20 wt %.

If the maximum particle size exceeds 150 um, or 1f those
having particle sizes of from 100 to 150 um exceed 5 wt %,
pin holes are likely to form 1n heterogeneous 1on exchange
membranes thereby molded, or the mechanical strength of
such membranes tends to be low, such being undesirable. It
ion exchange resin particles having particle sizes of at most
20 um exceed 20 wt %, the surface area of the 10on exchange
resin particles tends to remarkably increase, and kneading
with the binder polymer tends to be inadequate, whereby
defects tend to form, such being undesirable. If 1t 1is
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attempted to carry out heat kneading adequately to eliminate
such defects, 1t will take time, or the kneading temperature
will have to be higher, thus leading to decomposition of 10n
exchange groups, whereby the electrical resistance of the
membranes tends to substantially increase, such being unde-
sirable.

The binder polymer for the heterogeneous 1on exchange
membranes may, for example, be low density polyethylene,
linear low density polyethylene, ultrahigh molecular weight
hich density polyethylene, high density polyethylene,
polypropylene or a mixture thereof with a flexible rubber
material. Among them, a mixture of low density polyethyl-
ene with a rubber consisting one or both of ethylene-
propylene rubber and ethylene-propylene-diene rubber, 1s a
particularly preferred polymer from the viewpoint of the
clongation, flexibility and the strength of the resulting 1on
e¢xchange membranes. The content of the ethylene-
propylene rubber or the ethylene-propylenediene rubber in
the mixture of low density polyethylene with ethylene-
propylene rubber or ethylene-propylenediene rubber, 1s pret-
erably from 10 to 50 wt %. If the rubber content 1s less than
10 wt %, the resulting membranes tend to be brittle, and if
it exceeds 50 wt %, the membranes tend to be soft and weak
against deformation by pressure, such being undesirable.
The rubber content 1s particularly preferably from 25 to 35
wt %, whereby a binder polymer excellent 1n the above
mentioned physical properties will be obtained, and its
molding will be easy.

Other polymer may be blended to the mixture of low
density polyethylene with ethylene-propylene rubber or
cthylene-propylene-diene rubber, for use as a binder poly-
mer. In such a case, the polymer to be blended 1s preferably
a polyhydrocarbon olefin such as high density polyetylene,
ultrahigh molecular weight high density polyethylene,
polypropylene or polyisobutylene. The blend ratio of the
pulverized 10on exchange resin particles to the binder poly-
mer 1s preferably such that the weight ratio of 1on exchange
resin/binder polymer 1s from 40/60 to 70/30. If the 1on
exchange resin 1s less than 40 wt %, the electric resistance
of the resulting heterogenecous 10n exchange membranes
tends to remarkably increase, such being undesirable. If the
lon exchange resin exceeds 70 wt %, the mechanical
strength tends to be low, and molding tends to be ditficult.

The 10n exchangers to be accommodated 1n the deminer-
alizing compartments of the electrodialyzer, may, for
example, be a dried 10n exchange resin, or 1n the form of a
porous 10n exchanger prepared by molding an 1on exchange
resin into a sheet by means of a binder polymer. As a method
for molding 1nto a sheet, the dried 10n exchange resin and the
binder polymer may be heated and mixed, or the binder
polymer may be dissolved 1n a solvent and then mixed with
the 10n exchange resin, followed by removal of the solvent.
The 10on exchanger molded into a sheet 1s efficient in
handling, 1ts packing 1s easy, and contact of the 10n exchange
resin particles in itself 1s good, whereby the electric resis-
tance will be low, and thus, it 1s an 10n exchanger suitable for
use 1n the present invention. The porosity of the porous 1on
exchanger 1s preferably at least 5 volume % as the propor-
tion of continuous pores relating to permeation of the liquid.
If the porosity 1s smaller than 5 volume %, the flow rate of
the liquid decreases, and the pressure loss increases, such
being undesirable. The porosity 1s particularly preferably
from 10 to 40%, whereby the water permeation 1s good, the
demineralizing performance 1s excellent, and treated water
of high purity can be obtained. This porosity 1s a value as the
porous sheet 1s accommodated 1n a demineralizing compart-
ment and 1s being used.
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The porous 1on exchanger may be formed of cation
exchange resin particles, anion exchange resin particles, or
a mixture thercof, or it may have a structure 1n which
domains of cation exchange resin particles and domains of
anion exchange resin particles are phase-separated 1n a
sca-1sland pattern. However, the ratio of the cation exchange
resin particles to the anion exchange resin particles to be
used, 1s preferably such that the total 1on exchange capacity
rat1o of cation exchange resin/anion exchange resin 1s from
30/70 to 80/20. If the total 10n exchange capacity ratio 1s
outside this range, the purity of treated water tends to be low,
such being undesirable. The weight proportion of the binder
polymer used for the porous 10n exchanger is preferably at
most 20% relative to the total weight of the porous 10n
exchanger. If the weight proportion is larger than 20%, the
binder polymer 1s likely to cover the surface of the ion
exchange resin particles, whereby the adsorbing ability
tends to be low, and the porosity tends to be low, whereby
the flow rate of the liquid to be treated tends to decrease, and
the pressure loss tends to increase, such being undesirable.
The weight ratio of the binder polymer 1s particularly
preferably from 1 to 5%.

As the binder polymer, a thermoplastic polymer or a
solvent-soluble polymer 1s preferred from the viewpoint of
the process for producing the porous 1on exchanger. As such
a binder polymer, the following 1s preferably employed.
Firstly, as the thermoplastic polymer, low density
polyethylene, limear low density polyethylene, ultrahigh
molecular weight high density polyethylene, polypropylene,
polyisobutylene, polyvinyl acetate, or an ethylene-vinyl
acetate copolymer, may, for example, be mentioned. As the
solvent-soluble polymer, natural rubber, butyl rubber,
polyisoprene, polychloroprene, styrene-butadiene rubber,
nitrile rubber, or a vinyl chloride-fatty acid vinylester
copolymer, may, for example, be mentioned.

The thickness of the porous 10n exchanger sheet having,
the 10n exchange resin bound by the binder polymer, is
preferably from 1 to 300 mm. If the thickness is thinner than
1 mm, the thickness of the mineralizing compartment
accommodating 1t will also be very thin. Consequently,
water tends to hardly tlow, whereby the amount of water
treated tends to be small, such being undesirable. If the
thickness exceeds 300 mm, the electric resistance tends to be
high, such being undesirable. The thickness of the 1on
exchange resin sheet 1s more preferably from 3 to 50 mm.
This thickness 1s a value as the porous sheet 1s accommo-
dated 1n a demineralizing compartment and 1s being used.

In the present invention, as an apparatus for producing
deionized water, it 1s preferred to use an electrodialyzer as

disclosed, for example, in JP-A-3-186400, JP-A-2-277526,
JP-A-5-647726, U.S. Pat. Nos. 4,632,745 and 5,425,866.
Namely, the electrodialyzer comprises a plurality of cation
exchange membranes and anion exchange membranes alter-
nately arranged, preferably via compartment frames,
between an anode compartment provided with an anode and
a cathode compartment provided with a cathode. In such a
case, 1n the present invention, the cation exchange mem-
branes and the anion exchange membranes are 1incorporated
in their dry state. In this case, if the 10on exchangers to be
accommodated in the demineralizing components, are 1n the
form of sheets, such 1on exchanger sheets are inserted
between the 10n exchange membranes.

Thus, 1n the electrodialyzer, demineralizing compart-
ments each defined by an anion exchange membrane on the
anode side and by a cation exchange membrane on the
cathode side, and concentrating compartments each defined
by a cation exchange membrane on the anode side and by an
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anion exchange membrane on the cathode side, are alter-
nately formed, preferably 1n a total number of from 2 to 50
units. The thickness of a picture frame-like compartment
frame having an opening at its center, which i1s present
between a cation exchange membrane and an anion
exchange membrane, determines the thickness of the dem-
ineralizing compartment or the concentrating compartment.
The thicknesses of the compartment frames of the deminer-
alizing compartments and the concentrating compartments
may not necessarily be the same. The 10on exchange mem-
branes may be of a homogeneous type or a heterogeneous
type, and 1n order to increase the mechanical strength, the
one reinforced by a woven fabric or a non-woven fabric,
may be used. In a concentrating compartment, 1t 1s preferred
to 1nsert a spacer of a net form 1n order to maintain its
thickness to a predetermined level. If 10n exchangers are not
yet accommodated 1n the demineralizing compartments of
the electrodialyzer thus assembled, granular 10on exchangers
will be 1ncorporated at this stage.

Then, while supplying water to be treated to the dem-
ineralizing compartments of the electrodialyzer and water to
discharge concentrated salts to the concentrating
compartments, the 1on exchange membranes of the elec-
trodialyzer are permitted to swell by both waters to bring the
lon exchange membranes in contact with the spacers and
thereby to set them in a steady state, whereupon by con-
ducting an electric current, demineralization of the water to
be treated, can be carried out. It 1s also possible that without
supplying the water to be treated from the beginning, a
liquid which 1s preferably similar to the water to be treated,
may be supplied to preliminarily swell and set the 1on
exchange membranes and the 1on exchangers accommo-
dated 1n the demineralizing compartments. During normal
operation of the electrodialyzer, preferably, a voltage of
from 4 to 20 V 1s applied to each unit cell to conduct an
clectric current preferably at a current density of from
0.00001 to 0.05 A/cm”.

FIG. 1 1s a view which schematically 1llustrates an
embodiment of the electrodialyzer of such a type. In FIG. 1,
A 15 an anion exchange membrane, and K 1s a cation
exchange membrane. As shown, the anion exchange mem-
branes A and the cation exchange membranes K are arranged
in the electrodialyzer 1 via demineralizing compartment
frames D, D,, D, . .. D_ and concentrating compartment
frames C,, C,, C5 ... C, at predetermined distances, to form
an anode compartment 2, concentrating compartments S,,
S, ...S, , demineralizing compartments R, R, ... R _ and
a cathode compartment 3. In the demineralizing compart-
ments R,, R, ... R_, anion and cation exchange resins are
accommodated or packed. In the concentrating
compartments, spacers N,, N,, N5 . . . N are mserted.

In FIG. 1, reference numeral 4 indicates an anode, and
numeral 5 indicates a cathode. A predetermined voltage 1s
applied across the two electrodes during the operation,
whereby anion components 1n the liquid to be treated which
1s 1ntroduced into the demineralizing compartments R,
R, ... R from a conduit 6, will permeate and move to the
concentrating compartments on the anode side through the
anion exchange membranes A, while cation components 1n
the liquid to be treated will permeate and move to the
concentrating compartments on the cathode side through the
cation exchange membranes K, and the liquid to be treated
itself will be deionized and discharged via a conduit 7.
Further, water or a concentrating liquid 1s introduced 1nto the
respective concentrating compartments S;, S, ... S, from a
conduit 8, and the anion and cation components permeated
and moved as described above, will be collected and dis-
charged as a concentrated solution from a conduit 9.
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Cations 1n the water to be treated, which are captured by
the cation exchangers 1n the demineralizing compartments,
will have a driving force given by the electric field, waill
reach the cation exchange membranes via cation exchangers
which are 1n contact with the cation exchangers which
captured the cations, and further, they will pass through the
membranes and move to the concentrating compartments.
Likewise, anions 1n the water to be treated which are
captured by the anion exchangers will move to the concen-
frating compartments via anion exchangers and the anion
exchange membranes. Accordingly, it 1s further preferred
that the cation exchangers and the anion exchangers are,
respectively, gathered to form domains or gathered regions,
whereby contact points of exchanger particles of the same
lon type increase remarkably, so that movement of 1ons 1s
facilitated, and the deionization performance will be
improved.

Now, the present invention will be described 1n further
detail with reference to Examples. However, 1t should be
understood that the present invention 1s by no means
restricted to such specific Examples.

EXAMPLE 1

As a binder polymer, 70 wt % of low density polyethylene
and 30 wt % of ethylene-propylene-diene rubber were mixed
and kneaded by a laboplasto mill at 150° C. for 30 minutes
fo obtain a mixture. On the other hand, as an 10n exchange
resin, Diaion SK-1B (styrene-divinylbenzene copolymer
resin, 10n exchange groups: —SO;Na type, apparent den-
sity: 0.825 ¢/ml, water content: 43—50 wt %, 10n exchange
capacity: 2.0 meqg/ml) manufactured by Mitsubishi Chemi-
cal Corporation, which 1s a strongly acidic cation exchange
resin, was used, and it was dried 1n hot air at 60° C. for 24
hours and then pulverized by a jet mill. The pulverized
particles were sieved by a stainless steel meshed sieve to
remove particles having particle sizes exceeding 150 um.
The particle size distribution of the particles of the obtained
1on exchange resin powder having particle sizes of at most
150 um, was measured by sieving, whereby those having
particle sizes of from 100 to 150 um were 1.2 wt %, and
particles having particle sizes of at most 20 um were 12 wt

%.

Such 10n exchange particles and the above mentioned low
density polyethylene/ethylene-propylene-diene rubber mix-
ture were mixed in a blend ratio of 60/40 (weight ratio),
followed by kneading by a laboplasto mill at 130° C. at 50
rpm for 20 minutes. The obtained kneaded product was
heat-melt pressed at 160° C. by a flat plate press to obtain a
cation exchange membrane having a thickness of 500 um. In
its wet state, the obtained membrane had a breaking strength
of 2.8 MPa, a breaking clongation of 160% and a burst
strength of 0.15 MPa. Further, the water content in 1ts dry
state was 2.4 wt %, and the dimensional change when
wetted, was 115%, relative to 100% 1n 1its dry state.

In a stmilar manner, an anion exchange membrane having,
a thickness of 500 um was prepared by using Diaion SA-10A
(styrene-divinylbenzene copolymer resin, ion exchange
groups: —IN(CH;);Cl type, apparent density; 0.685 g/ml,
water content: 43—47 wt %, 1on exchange capacity: 1.3
meq/ml) manufactured by Mitsubishi Chemical
Corporation, which 1s a strongly basic anion exchange resin,
as an 1on exchange resin. The particle size distribution of
particles of the 10n exchange resin powder having particle
sizes ol at most 150 um was such that those having particle
sizes of from 100 to 150 um were 0.9 wt %, and particles
having particle sizes of at most 20 um were 8 wt %. In its
wet state, the obtained membrane had a breaking strength of
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2.5 MPa, a breaking elongation of 150% and a burst strength
of 0.13 MPa. Further, the water content in its dry state was

2.2 wt 9%, and the dimensional change when wetted, was
112%, relative to 100% 1n 1ts dry state.

Then, a sodium sulfonate type cation exchange resin
(Diaion SK-1B, tradename, manufactured by Mitsubishi
Chemical Corporation) having an ion exchange capacity of
4.5 meq/g dry resin and a quaternary ammonium salt type
anion exchange resin (Diaion SA-10A, tradename, manu-

factured by Mitsubishi Chemical Corporation) having an ion
exchange capacity of 3.5 meq/g dry resin, were dried 1n hot
air at 50° C. to a water content of 8 wt %, and then they were
mixed 1n a ratio of cation exchange resin/anion exchange
resin=44/56 (weight ratio in dry state) to obtain a mixture
having an 1on exchange capacity ratio of 50/50. To this
mixture, 3 wt % of a linear low density polyethylene
(Affinity SM-1300, tradename, manufactured by Dow
Chemical Company) was mixed, followed by kneading at a
temperature of from 120 to 130° C. The obtained kneaded
product was heat-molded at 130° C. by a flat plate press to
obtain a porous 1on exchanger sheet having a thickness of
0.6 cm. The porosity of continuous pores of this porous sheet
was 23 volume % and the water content was 2.5 wt %.

The above dry state porous 1on exchange sheet, cation
exchange membrane and anion exchange membrane were
arranged between an anode and a cathode 1n 5 sets 1n the
sequence of spacer net/anion exchange membrane/porous
1on exchange sheet/cation exchange membrane, to assemble
an electrodialyzer as shown 1n FIG. 1. The thickness of each
demineralizing compartment of the electrodialyzer was &
mm. The spacer net (openings: rhomb) disposed in each
concentrating compartment was made of polypropylene and
had a string diameter of 0.5 mm, a pitch of 3 mm (the
distance between the centers of strings located at the diago-
nal points) and a thickness of 1.2 mm at the crossing point
of strings, and the thickness of each concentrating compart-
ment frame was 1.2 mm. Further, the packing volume
proportion of the porous 10n exchange sheet 1n 1ts dry state
in each demineralizing compartment was 54%.

It was a 5 pair filter press type dialyzer having an effective
area of 520 cm~, wherein, as shown in FIG. 1, demineral-
izing compartment frames (made of polypropylene having a
thickness of 8 mm) and concentrating compartment frames
(made of polypropylene having a thickness of 1.2 mm) were
present between the respective cation exchange membranes
and anion exchange membranes. Water having an electro-
conductivity of 5 uS/cm was supplied for 10 minutes to the
demineralizing compartments, the concentrating compart-
ments and both electrode compartments of the
clectrodialyzer, followed by conducting an electric current
for 15 hours for pretreatment to sufficiently wet the 1on
exchange membranes and the porous 10n exchangers, where-
upon production of deionized water was carried out. Water
having an electroconductivity of 5 uS/cm was used as the
water to be treated, and demineralization was carried out by
applying a voltage of 4 V per unit cell, whereby pure water
having an electroconductivity of 0.06 uS/cm was constantly
obtained at a production rate of 0.45 m>/hr.

After the measurement, the 10on exchange membranes
were taken out, and their state was inspected, whereby they
were found as pressed against the spacer nets without
creasing, and their sizes immediately after being
disassembled, were 103% of the dry state 1n the case of the
cation exchange membranes, and 102% of the dry state in
the case of the anmion exchange membranes. Thus, the
dimensional changes were found to be suppressed. Further,
the porous 1on exchange sheets 1n the demineralizing com-
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partments were taken out, and their volumes were measured
and found to be 121% of the volumes of the demineralizing
compartments. The same material in the same dry state was
put 1nto a metal container having the same size as the
demineralizing compartment as shown 1n FIG. 2, and water
was supplied to let 1t swell, whereby the created pressure 1.¢.
the expansion pressure, was measured and found to be 1.5
kg/cm”.

The measurement of the expansion pressure 1s carried out
by the apparatus illustrated 1mn FIG. 2 as follows.

An 10n exchanger 15 1n a dry state as a test sample 1s put
into a metal container 10 of a rectangular parallelopiped, and
a metal plate 11 1s placed thereon, whereupon the position of
a load cell 14 1s adjusted so that the forward end of the load
cell 14 will contact the metal plate 11 when the 1on

[

exchanger 15 swells to a thickness equal to the thickness of
the demineralizing compartment (8 mm in the case of
Examples). Namely, the position of the load cell is set so that
when the 10n exchanger 15 1s 1n a dry state, the sum of the
distance between the forward end of the load cell 14 and the
metal plate 11 and the thickness of the 10on exchanger 15 will
be equal to the thickness of the demineralizing compartment
(8 mm 1in the case of Examples). Then, water is supplied
from a water supply inlet 12 and/or 13, and from a load
exerted to the load cell 14 when absorption of water reaches
equilibrium, the pressure between the 1on exchanger 15 and

the metal plate 11 1s obtained.

EXAMPLE 2

A test was carried out 1n the same manner as in Example
1 except that as an 10on exchanger packed in the demineral-
1zing compartments, a dry mixture of a sodium sulfonate
type cation exchange resin (Diaion SK-1B, tradename,
manufactured by Mitsubishi Chemical Corporation) having
a particle size of from 400 to 600 ym and an 10n exchange
capacity of 4.5 meqg/g dry resin and a quaternary ammonium
salt type anion exchange resin (Diaion SA-10A, tradename,
manufactured by Mitsubishi Chemical Corporation) having
a particle size of from 400 to 600 #m and an 10n exchange
capacity of 3.5 meq/g dry resin, was used, and the structure
of the demineralizing compartments was modified to a
structure capable of preventing flowing out of the granular
ion exchange resins. The water content of the dry mixture
was 8 wt %, and the blend ratio of cation exchange resin/
anion exchange resin was 44/56 (weight ratio in dry state),
and the 1on exchange capacity ratio was 50/50. The dry 1on
exchange resin mixture was packed into the demineralizing
compartments at a volume packing proportion of 55%.

In the same manner as in Example 1, the 1on exchange
membranes and the ion exchange resins were thoroughly
wetted by supplying water for 10 minutes to the respective
compartments of the electrodialyzer and the pretreatment by
conducting an electric current for 15 hours, and then a test
for producing deionized water was carried out. As the
electrodialyzer, one having an effective area of 520 cm®x5
pairs, was used. Using water having an electroconductivity
of 5 uS/cm as the water to be treated, demineralization was
carried out by applying a voltage of 4 V per unit cell,
whereby treated water having an electroconductivity of 0.08
uS/cm was constantly obtained at a production rate of 0.39
m>/hr. After the measurement, the ion exchange membranes
were taken out, and their state was inspected, whereby they
were found to be pressed against the spacer nets without
creasing, and their sizes immediately after being disas-
sembled were 104% of the dried state 1n the case of the
cation exchange membranes, and 103% of the dry state in
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the case of the anion exchange membranes. Thus, the
dimensional change was found to be suppressed. Further, the
ion exchange resins 1n the demineralizing compartments
were taken out, and the volume was measured and found to
be 123% of the volume of the demineralizing compartments.
The same amount of a porous 10on exchanger 1n the same dry
state was put 1into a metal container having the same size as
the demineralizing compartment, as shown in FIG. 2, and
water was supplied, and the pressure created was measured

in the same manner as 1n Example 1, whereby the pressure
was found to be 1.3 kg/cm”.

COMPARAITVE EXAMPLE 1

A test was carried out 1n the same manner as in Example
2 except that as an 10n exchanger packed 1n the demineral-
1Zing compartments, the granular 10on exchange resin mixture
was used 1n a wet state. At the time of assembling the
clectrodialyzer, by the water of the 1on exchange resins, the
membranes 1 a dry state were swelled and underwent a
dimensional change, whereby the membranes could not
properly be set.

COMPARAITIVE EXAMPLE 2

A test was carried out 1n the same manner as in Example
1 except that concentrating compartment frames having a
thickness of 1.6 mm were used without using spacer nets in
the concentrating compartments. The 1on exchange mem-
branes and the porous 10n exchange sheets were thoroughly
wetted by supplying water for 10 minutes and the pretreat-
ment by conducting an electric current for 15 hours, and then
a test for treating water was carried out, whereby there was
no flowing out of concentrated water from the concentrating
compartments, and 1t was 1impossible to carry out the opera-
tion. After the test, the 1on exchange membranes were taken
out, and their state was inspected, whereby the membranes
were found to be pressed and deformed by the 10n exchange
sheets to close the concentrating compartments.

COMPARAITVE EXAMPLE 3

A test was carried out 1n the same manner as 1n Example
2 except that the 1on exchangers to be packed in the
demineralizing compartments, were packed at a volume
packing proportion of 45%. The 10on exchange membranes
and the granular 10n exchange resins were thoroughly wetted
by supplying water for 10 minutes and the pretreatment by
conducting an electric current for 15 hours, and then a test
for treating water was carried out. As the electrodialyzer, one
having an effective area of 520 cm*x5 pairs, was employed.
Using a water having an electroconductivity of 5 uS/cm as
the water to be treated, demineralization was carried out by
applying a voltage of 4 V per unit cell, whereby treated
water having a low purity with an electroconductivity of
0.25 uS/cm, was obtained at a production rate of 0.35 m>/hr.

After the measurement, the 1on exchange membranes
were taken out, and their state was 1nspected, whereby they
were found to be not pressed against the spacer nets and had
many creases, and many pin holes were observed at the
peaks of the creases. Their sizes 1mmediately after being
disassembled were 112% of the dried state 1n the case of the
cation exchange membranes and 110% of the dry state in the
case of the anion exchange membranes. Thus, the dimen-
sional change was found to be not substantially suppressed.
Further, the granular 10n exchange resins 1n the demineral-
1zing compartments were taken out, and their volumes were
measured and found to be 101% of the volumes of the
demineralizing compartments. The same amount of the
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ogranular 1on exchange resins in the same dry state was put
into a metal container having the same size as the deminer-
alizing compartment as shown 1 FIG. 2, and water was
supplied and the pressure thereby created, was measured,
whereby the pressure was found to be 0.05 kg/cm?.

According to the present invention, 1on exchange mem-
branes can be set 1in a dry state 1n an electrodialyzer, and vet,
the swelling deformation of membranes even after supplying
water can be suppressed by bringing the 1on exchange
membranes 1n contact with the spacers by the pressure from
the mineralizing compartment side, whereby mounting of
the 10n exchange membranes 1s simple. Further, there 1s a
merit that formation of creases of the membranes due to the
swelling deformation of the membranes can be avoided
during the mounting or the subsequent supplying of water.
Further, according to the present invention, particularly in
the case where the means to create the pressure from the
demineralizing compartment side 1n the electrodialyzer to
bring the 10n exchange membranes 1n close contact with the
spacers, 1s such that the 1on exchangers are packed 1 a dry
state 1n the demineralizing compartments, and water 1s
supplied to the electrodialyzer to let the 1on exchangers
swell to create the pressure, the handling efficiency 1is
particularly excellent, whereby the costs can be reduced.

What 1s claimed 1s:

1. A method of assembling an apparatus for producing
deionized water, comprising an electrodialyzer having cat-
ion exchange membranes and anion exchange membranes
alternately arranged to form demineralizing compartments
and having 1on exchangers arranged in the demineralizing
compartments, and designed to conduct an electric current
while supplying water to be treated to the demineralizing
compartments, which method comprises:

a) arranging a spacer in the form of a net in each
concentrating compartment to maintain the thickness of
cach concentrating compartment;

b) incorporating the cation exchange membranes or the
anion exchange membranes 1n a dry state 1n the elec-
trodialyzer; and

¢) supplying water to the electrodialyzer, while a pressure

from the demineralizing compartment side 1s created to

bring each 1on exchange membrane 1n contact with the
spacer;

wherein the spacer has a string diameter of from 0.1 to

2 mm and a pitch from 1 to 10 mm.

2. The method of claim 1, wherein the pressure from the

demineralizing compartment side is from 0.1 to 10 kg/cm~.

3. The method of claim 1, wherein the pressure from the

demineralizing compartment side 1s created 1n such a man-
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ner that water supplied to the electrodialyzer causes the 1on
exchangers to swell, thereby creating pressure.

4. The method of claim 1, wherein the pressure from the
demineralizing compartment side 1s created such that the
thickness of each demineralizing compartment 1s reduced by
mechanical pressure, thereby generating the pressure due to
a reduction of a thickness of the demineralizing compart-
ment.

5. The method of claim 1, wherein the pressure from the
demineralizing compartment side 1s generated 1n such a
manner that the water pressure 1n the demineralizing com-
partments 1s made higher than the water pressure in the
concentrating compartments to create the pressure.

6. The method of claim 1, wheremn the 1on exchange
membranes are heterogeneous 10on exchange membranes
composed of 1on exchange resin particles and a binder
polymer.

7. The method of claim 1, wherein the 1on exchangers
arranged 1n the demineralizing compartments are a porous
body having a cation exchange resin, an anion exchange
resin or a mixture of a cation exchange resin and an anion
exchange resin bonded by a binder resin.

8. The method of claim 1, wherein the cation or the anion
exchange membranes 1n a dry state contain a water content
of at most 10 wt %.

9. The method of claim 8, wherein the cation or the anion
exchange membranes 1n a dry state contain a water content
of from 0.5 to 8 wt %.

10. The method of claim 1, wherein the pressure from the
demineralizing compartment side is from 0.1 to 10 kg/cm®.

11. The method of claim 10, wherein the pressure of the
demineralizing compartment side is from 0.5 to 5 kg/cm”~.

12. The method of claim 1, wherein said cation and anion
exchange membranes comprise 10n exchange resin particles
having a maximum particle size of at most 150 um, with
particle sizes of from 100 to 150 um being at most 5 wt %,
and wherein particles having sizes of at most 20 ym com-
prise at most 20 wt % of the total.

13. The method of claim 1, wherein the spacer 1n each
concentrating compartment 1s made of woven or non-woven
material.

14. The method of claim 1, wherein the spacer 1n each
concentrating compartment 1s made of plastic.

15. The method of claim 1, wherein the spacer 1n each
concentrating compartment has net openings which are
square, rectangular or rhombohedral.

16. The method of claim 15, wherein said net openings are

rhombohedral.
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